Wheat lines which possess resistance to leaf rust were developed from the cultivar crosses between bread wheat (Triticum aestivum L.) and wild cereal species: jointed goatgrass (Aegilops cylindrica Host), tausch's goatgrass (Aegilops tauschii Coss.), wild emmer (Triticum dicoccoides Koern.) and synthetic species Triticum erebuni Gandil. Resistance of breeding lines was examined at the seedling stage of wheat plants after artificial inoculation. Resistance genes Lr21, Lr22a, Lr24 (T1BL.1BS-3Ae#1L), Lr32, Lr34, Lr39, Lr42, Lr53 and T1AL.1RS were identified by a molecular analysis using sequence-tagged sites (STS) and simple sequence repeats (SSR) markers. Comparison of data of phytopathological evaluation and molecular-genetic analysis of breeding lines revealed that leaf rust resistance was conferred by a combination of several genes. The combination of genes Lr24+Lr34+T1AL.1RS conferred resistance, Lr24+Lr34+Lr21, T1AL.1RS+Lr24 and Lr21+T1AL.1RS+Lr24 conferred resistance and moderate resistance.
Introduction
Since ancient times, leaf rust, caused by an obligate parasitic fungus Puccinia triticina Erikss., has been a challenge for wheat growing and, which continues to cause annual losses and to be a principal disease of wheat worldwide Kolmer, 2013) . Due to a wide variability of the pathogen, there are continuously emerging new virulent races which overcome resistant genes of a host. Because of the airborne nature of urediniospores, the pathogen can be transferred by wind to adjacent and distant wheat growing areas (Kolmer, 2005) .
The greater is the area under the cultivars which have the same mono gene of resistance, the faster pathogen overcomes host resistance. Constriction of diversity of resistance genes creates favourable conditions for development of epiphytoty. In order to prevent it, it is necessary to widen the genetic variability of bread wheat. Wild species which in co-evolution during thousands of years evolved genes of resistance against pathogens are valuable sources of resistance. They contain a broad pool of genetic variation, which carries resistance against the majority of biotic and abiotic stresses. Disease resistance genes, transferred from wild species, support wheat production on a global level (Davoyan et al., 2011) .
More than 80 genes and alleles of leaf rust resistance (Lr) genes have been identified and described so far. Among them 33 Lr-genes were transferred from other species into Triticum aestivum L. (Catalogue of gene symbols..., 2012). Most of them are race-specific and follow the gene-for-gene concept. The resistance, based on such single gene, is overcome by pathogen in a short time. Virulent pathotypes emerge in a population via changes in pathogen's genome (sexual recombination or mutation). In contrast, non-specific genes do not confer high level of resistance but due to the slow rusting effect prevent epiphytoty of disease and provide longtime resistance. To date, there are known four loci which contain Lr-genes designated as Lr34, Lr46, Lr67 and Lr68 that provide race non-specific, adult plant resistance (APR) (Da-Silva et al., 2012) . Combining them in one genotype with race-specific genes ensures more durable resistance than that based on single seedling resistance genes. The most widely and successfully applied gene is Lr34, which may enhance resistance of the other seedling genes and has positive pleiotropic effect against other wheat diseases (Dakouri et al., 2013 (Singh, 2004 ; Catalogue of gene symbols..., 2012). Cultivar 'Amigo' which carries wheat-rye translocation T1AL.1RS and wheat-Agropyron elongatum translocation chromosome T1BL.1BS-3Ae#1L (Lr24) is used to enhance resistance to leaf rust (McIntosh et al., 2013) . Gene Lr34 is present in greater part of bread wheat cultivars in PBGI-NC SCI (Galaev, Sivolap, 2012) . The developed breeding lines have high resistance against the majority of bread wheat diseases, including leaf rust, widely distributed in the south of Ukraine (Babayants, 2011; Babayants et al., 2012) .
The principal aim in this research is to conduct phytophatological evaluation of resistance of wheat breeding lines developed from interspecific crosses and to identify genes that confer resistance to leaf rust using molecular markers.
Materials and methods
The study was carried out in 2013 at the Plant Breeding and Genetics Institute, National Center of Seed and Cultivar Investigation (PBGI-NC SCI), Ukraine. Initial breeding material resistant to leaf rust was developed from the crossing of bread wheat (Triticum aestivum L.) cultivars with wild cereal species. (Gandilyan, 1984) .
Seeds of the Thatcher near-isogenic lines (NILs) with different Lr-genes: Lr21, Lr22a, Lr24, Lr32, Lr34 and cultivars/lines with additional known genes: Lr39, Lr42, Lr53 were obtained via USDA, Germplasm Resources Information Network (http://www.ars-grin.gov). Seeds of Triticum erebuni Gandil. were kindly provided by Dr. Olexandr Rybalka. Uredospores of the local population of leaf rust collected in the fields of PBGI-NC SCI served as inoculums. The uredospores were collected and preserved according to the procedure of Babayants (1988) . Effectiveness of leaf rust resistance genes was studied at the seedling stage in a greenhouse and on adult plants in the field.
Evaluation of resistance at seedling stage was carried out in a greenhouse with controlled conditions (temperature -21 ± 2°C, illuminance -10000 lux, day length -16 hours, night length -8 hours). Ten-day-old seedlings of the studied material were inoculated with a mixture of uredospores and talcum powder. After inoculation the dew was created via putting plants in plastic bag, dark conditions for 16 hours at a temperature of 21°C. On the 12 th day after inoculation the plants were evaluated for rust scoring, infection type and severity.
Evaluation of resistance in the seedling stage was scored according to the scale: VR -very resistant, R -resistant, MR -moderately resistant, MS -moderately susceptible, S -susceptible, VS -very susceptible.
Evaluation of resistance in the field was made after artificial inoculation. Artificial inoculation by pathogens of wheat rusts was performed in the mixture of uredospores with talcum powder. The quantity of uredospores recalculated on the basis of 100 percent of alive spores was 10 mg per 1 m 2 . Adult resistance in the field was scored according to a 9-points scale: 1-2 -very susceptible, 3 -highly susceptible, 4 -susceptible, 5 -moderately susceptible, 6 -moderately resistant, 7 -resistant, 8 -highly resistant, 9 -immune (Babayants, 1988) . Infection types were scored by the modified Mains and Jackson scale, rust intensity -by Peterson of Babayants (1988) . Standard of susceptibility to leaf rust was cv. 'Odesskaya polukarlikovaya'.
Deoxyribonucleic acid (DNA) extraction and polymerase chain reaction (PCR) amplification.
DNA was extracted from green leaves and 3 to 5 day old seedlings with the help of CTAB (cetyltrimethyl ammonium bromide) buffer (Sivolap, 1998) . The reaction mixture (25 μl) contained: 10 × PCR buffer (SibEnzyme Ltd., Russia), 0.2 mM of each deoxynucleotide (dNTP) (SibEnzyme Ltd.), 0.25 μM of the primer and 20 nanograms of DNA, and 1 unit of Taq polymerase (SibEnzyme Ltd.). Mineral oil (30 μl) was added into the reaction solution. The reaction conditions were as follows: denaturation at 94°C for 30 s (original for 2 min), annealing at 55°C and 60°C (depending on the primers) for 30 s, and elongation at 72°C for 1 min (final elongation for 4 min). The primer sequences used in the work for the detection of resistance genes are presented in Table 2 . Detection of product amplification. The amplification products (10 ml aliquot of the PCR mixture) were fractionated in 9% polyacrylamide gels in 1 × TBE (Tris-borate-EDTA). Electrophoresis was carried out at a constant voltage of 500 V in a scientific instrument "Hoefer" (USA) for vertical gel electrophoresis. Visualization of the products of electrophoretic division was performed by impregnation of gels with silver nitrate following the procedure of Budowle et al. (1991) . Video images and the sizes of the amplified fragments were obtained using a video system "ImageMaster VDS" (Amersham Pharmacia Biotech, USA) according to the recommendations of the manufacturer. The pUC 19/MspI (SibEnzyme Ltd.) and 100 bp DNA ladder (SibEnzyme Ltd.) standards were used to calibrate the molecular mass of the obtained amplicones. 
Results
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Discussion
One of the ways to improve the gene pool of bread wheat is transfer of new genes, which confer resistance to biotic and abiotic stresses, from wild relatives of the T. aestivum. Experiments for the development of initial material and donors of resistance against the main wheat diseases in the south of Ukraine were conducted in PBGI-NC SCI. The species used as sources of resistance were: Triticum erebuni Gandil., Triticum dicoccoides Koern., Aegilops tauschii Coss. and biotypes of the local population of Aegilops cylindrica Host. After artificial inoculation by a population of wheat leaf rust, interspecific hybrids possessing resistance to leaf rust were selected (Babayants, Babayants, 2007) . Applying backcross and selection methods on artificially infected nurseries a range of wheat breeding lines possessing resistance to the main wheat diseases, including leaf rust, was developed (Babayants, 2011) . Cultivar 'Amigo', which is resistant to the pathogen in the south of Ukraine, was used to enhance the resistance to leaf rust. The resistance of cv. 'Amigo' was conferred by two translocations -T1BL.1BS-3Ae#1L from tall wheatgrass (Agropyron elongatum (Host). Beauv.) and T1AL.1RS from rye (Secale cereale L.) (MacIntosh et al., 2013) .
The investigated breeding lines carried genes Lr21, Lr24, Lr34 and T1AL.1RS. As was reported, the gene Lr21 was derived from A. tauschii (Catalogue of gene symbols..., 2012). The results indicate that T. erebuni also carried Lr21. We suppose that Lr21 could be transferred in breeding lines from species which have D-genome (A. tauschii, A. cylindrica or T. erebuni), translocations T1BL.1BS-3Ae#1L (Lr24) and T1AL.1RS were transferred from cv. 'Amigo', non-specific gene Lr34 was transferred from recurrent cultivars.
All the studied breeding lines carry translocation T1AL.1RS. It has been reported that rye arm 1RS transferred into wheat genotypes provides heterotic effects causing biomass accumulation, grain yield increase and adaptation to stressful environmental conditions (Tabibzadeh et al., 2013) . We can suggest that the presence of T1AL.1RS in all breeding lines is connected not only with resistance to leaf rust but also with visual selection of more attractive heterotic plants during the breeding process. According to the pedigree of the studied breeding lines they may carry Lr34, which is the adult plant resistance gene that enhances the action of some seedling genes (Dakouri et al., 2013) . In this study, we chose to investigate the influence and possible synergy between Lr34 and other Lr-genes at seedling stage. (Liatukas, 2003) and China (Liu, Chen, 2012) . In Ukraine, Lr24 confers adult plant resistance (Babayants, 2011) . The adult plant resistance gene Lr34 remains effective in North America, virulence is absent in South Africa, Middle East, North Africa and Central Asia, the gene is effective in Canada. Moreover, many researchers have reported that Lr34 in combination with other genes may enhance the resistance to leaf rust. In the last decades, phytopathologists throughout the world have chosen the strategy for durable resistance. According to it resistance to leaf rust may be prolonged using combinations of several race-specific genes or several race-specific genes with non-race specific genes like Lr34 and Lr46. It was established that a combination of genes with partial resistance or of several ineffective/ effective genes with adult plant resistance genes can provide a sufficient level of durable resistance Keller et al., 2012 
